There have been many reports on the ultrastructure of the lingual taste organs, sensory papillae, of frogs (Uga, 1966; Uga and Hama, 1967; Graziadei and DeHan, 1971; Stensaas, 1971; Hirata and Nada, 1975; During and Andres, 1976; Jeager and Hillman, 1976; Graziadei, 1975) . However, among these papers, only a few describe tridimensional ultrastructural studies on the lingual epithelial surface by scanning electron microscopy (Graziadei and DeHan, 1971; During and Andres, 1976; Graziadei, 1975) .
In vertebrates including amphibia, it has proved difficult to observe the real surface of the oral epithelial cells using scanning electron microscopy because of the mucus which covers them. It has recently become possible to examine the intact cell surface of the mammalian tongue by scanning electron microscopy in a better condition than formerly due to advances in the removal of extracellular material by acid hydrolysis (Iwasaki et al., 1983 (Iwasaki et al., , 1984a . In the present study, this method was applied to the lingual dorsal epithelial cells and sensory organs of the bullfrog to investigate their ultrastructures by scanning electron microscopy.
Materials and Methods
Tongues from four male and four female bullfrogs, Rana catesbeiana, were used in the present study. The animals were perfused from the heart with Karnovsky fixative containing glutaraldehyde and paraformaldehyde (Karnovsky, 1965) under MS-222 anesthesia. The tongues were then removed and refixed in the same fixative. After rinsing in 0.1 M cacodylate buffer, the materials were post-fixed in phosphate-buffered 1% osmium tetroxide solution (Millonig, 1961) at 37°C for 2 hours, and treated with 8 N hydrogen chloride at 60°C for 30 minutes to remove extracellularly attached substances by acid hydrolysis. This was followed by dehydration, critical point drying and gold-ion sputtering in that order. Finally, the specimens were observed under a scanning electron microscope (Hitachi S-500).
Observations
The tongue of this species is flat and round in shape with bilateral posterior protrusions.The anterior part of the bullfrog tongue is fixed to the mandibular mucosa, and when the tongue sticks out from the opened mouth, the posterior protrusions reverse and come out. Filiform and fungiform papillae are distributed on the dorsal surface when the tongue lies within the oral cavity.
Long ridges were found to be arranged closely at the anterior margin of the dorsal surface in the direciton of the anteroposterior axis (Fig. 1) . The same structures as the sensory disks found on the top of the fungiform papillae were distributed on these ridges (Fig. 2) . Such disks were about 150 gm in diameter along the major axis and about 70 pm in diameter along the minor axis. A latticework, which showed the outline of each cell, was recognized on the surface of the disk. Ciliated cells densely enclosed the disk. Over the larger part of the dorsal surface, except for the anterior margin and posterior protrusions, filiform papillae were compactly distributed, and fungiform papillae were scattered among these filiform papillae (Fig. 3) .
A sensory disk, which was about 150 pm in diameter along the major axis and about 70 pm in diameter along the minor axis, was located on the central area of the top of the fungiform papillae. A latticework, which showed the outline of each cell boundary, was also recognized on the surface of the disk of the fungiform papillae (Fig. 4) . The size of the fungiform papillae was 200-300 pm in diameter along the major axis and 150-250 pm in diameter along the minor axis. At higher magnifications of the sensory disk, almost the entire surface was seen to be occupied by a cell surface with honeycomb structure and a small number of cells with microvilli were scattered among these cells with honeycomb structure (Figs. 5 and 6) . No mucus was detected on the entire sensory disk or among the surrounding cilia ( Fig.  7) . In lateral views of the fungiform papilla, tall ciliated cells circularly enclosed the sensory disk, and furthermore small nonciliated cells were attached to the lateral wall of the ciliated cells. Small numbers of ciliated cells were also seen among these non-ciliated cells. Small pits, which were related to mucus-secretion, were scattered on the lateral wall ( Fig. 8) . At higher magnifications, the non-ciliated cells appeared polygonal, and microplicated structures were observed all over the cell surface (Figs. 9 and 10).
The filiform papillae revealed a columnar form with round heads. The diameter of the head was 50-80 pm. Such papillae consisted of a large number of non-ciliated cells and a small number of ciliated cells. The marginal regions of these cells were clearly recognizable. Small pits related to mucus-secretion were scattered among these epithelial cells (Fig. 11) . At higher magnifications, fine plicated structures, microridges, were found to be closely distributed on the non-ciliated cell surface, and the margin of each cell was slightly thickned (Fig. 12) . The ciliated cells scattered among the non-ciliated cells had not only many cilia but also many microvilli (Fig. 13) .
Mucus was almost entirely absent from the filiform papillae.
At lower magnification, the bilateral posterior protrusions exhibited almost the same figure as that in the middle region (Fig.  14) . At higher magnifications, the filiform papillae shifted into irregular undulations in the anterior part of the protrusions and a flat surface in the posterior part. The fungiform papillae were similar to those in the fore region. However, the ciliated and non-ciliated cell surrounding the sensory disk were reduced in the posterior area of the protrusions (Figs. 15 and 16 ).
Discussion
Hydrolysis of extracellular connective tissue components with hydrogen chloride has been often used in combination with enzymic digestion to visualize the basal aspect of tissues and cells (Evan et al., 1976; Uehara and Suyama, 1978; Nagato et al., 1980) . Uehara (1981) indicated that hydrogen chloride treatment without collagenase digestion could hydrolyze both connective tissue and basal lamina. Recently, it has become possible in mamals to remove the mucous substance from the lingual dorsal surface without damage to the epithelial cells themselves by employing osmium post-fixation and acid hydrolysis (Iwasaki et al., 1983 (Iwasaki et al., , 1984a according to a method almost identical to that developed by Uehara (1981) for removing connective tissue. In the present study, this acid hydrolysis method was applied to the bullfrog tongue, and the results clearly showed that fixed mucus was removed almost completely from the lingual cell surface, while there was no distinct damage to the cell surface itself. It is concluded therefore that the acid hydrolysis method is effective not only in mammals but also in frogs for obtaining distinctive figures. The tongues of frogs play an important role in food-intake and taste sense. Physiologists prefer to use such materials because many taste organs or sensory disks are distributed among the filiform papillae. The present study demonstrated that the same organs as the sensory disk on the fungiform papillae are distributed closely on the anterior ridges. The structure of the sensory papillae has been studied previously using scanning electron microscopy by some investigators (Graziadei and DeHan, 1971; Miring and Andres, 1976; Graziadei, 1975) . All of these papers indicated that the surface of the sensory disk was covered widely with microvilli. However, the greater part of the surface of the sensory disk was found to be covered by a honeycomb structure in the present specimens prepared by the method including post-fixation with osmium tetroxide and acid hydrolysis. This discrepancy may be related to the different modes of specimen preparation. That is, the former studies were unable to achieve complete removal of the mucus covering the lingual surface, and when the removal was incomplete, the remaining mucus might have been transformed into various crystal structures during driving of the specimens. However, it is necessary to consider whether the above discrepancy may be related to differences of species or ages of animals. In addition, it is assumed that the honeycomb structure could play a role in the retention of water and other mucus fluids on the sensory disk.
In previous papers dealing with the frog's tongue, the fine structure of the filiform papillar cells was almost completely ignored. The present study reveals that clear microridges are apparent on the non-ciliated cells of the filiform papillae. As pointed out by Sperry and Wassersug (1976) Higher magnification of a sensory disk on the long ridge in Fig. 1 . The sensory disk (SD) in this photo is about 150 um in diameter along the major axis and about 70 ,um in diameter along the minor axis. A latticework (arrows), which shows the outline of each cell, is recognized on the surface of the disk. Ciliated cells (CL) closely encircle the disk. X520. Higher magnification of the surface of a sensory disk. Almost the entire surface is covered by a honeycomb structure and a very small number of cells with microvilli (arrows) are scattered amongst the honeycomb structure. Higher magnification of the lateral wall of the fungiform papilla in Fig. 8 . Non-ciliated cells (arrows) reveal a polygonal shape. Asterisks show small pits. X2300. 
